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ABSTRACT
Objective: Prevotella bivia is one of the anaerobic bacteria that resides in the flora of the female
genital tract. We studied the pathogenicity of P. bivia in a rat pyometra model.
Methods: The experimental animal (rat) model of pyometra was developed to investigate the
pathogenicity of P. bivia in a rat pyometra model.
Results: In the groups inoculated with aerobes alone, the infection rate was 10% (1/10) in the
Staphylococcus aureus- or Staphylococcus agalactiae -inoculated group and 20% (2/10) in the Esch-
erichia coli-inoculated group. Infection Was not established in the groups inoculated with anaerobes
alone. High infection rates were observed in all the mixed-infection groups. In the S. agalactiae- and
Bacteroides fragilis-, S. agalactiae- and P. bivia -, E. coli- and B. fragilis-, and E. coli- and P. bivia-
inoculated groups, an infection rate of 100% (10/10) was demonstrated. The efficacy of antibiotics
such as flomoxef (FMOX) could be determined using a rat pyometra model. In relation to the
alteration of vaginal microbial flora during the menstrual cycle, estrogen increased the growth of P.
bivia.
Conclusion: Mixture of aerobic bacteria and P. bivia increased the pathogenicity of P. bivia.
Estrogen would be useful for raising up the inflammatory change of the uterus in experimental
models of genital tract infection due to P. bivia. Infect. Dis. Obstet. Gynecol. 6:61-65, 1998.
(C) 1998 Wiley-Liss, Inc.
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e have studied the clinical significance of
anaerobic bacteria, especially Prevotella
bivia in obstetrics and gynecology. There have
been no animal model work associated with P. bivia
in obstetrics and gynecology. An experimental ani-
mal (rat) model of pyometra has been used in this
study. Using this model, pathogenicity of P. bivia
was determined in the association of mixed infec-
tion with aerobic bacteria. The adequacy of a rat
pyometra model was evaluated for the administra-
tion of efficacy of antibiotics. Since P. bivia is pre-
dominantly isolated in the vaginal cavity during the
follicular phase, the growth of P. bivia might be
associated with sex steroid hormones, especially es-
trogen and progesterone. Additionally, the effects
of estrogen and progesterone on the growth of P.
bivia were studied using this model.
MATERIALS AND METHODS
Study on the Pathogenicity of P. bivia in an
Experimental Animal (Rat) Model
Bacterial Strains
Clinical isolates such as Staphylococcus aureus, Strep-
tococcus agalactiae, Enterococcus faecal#, Enterococcus
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faecium, Escherichia coli, Peptostreptococcus anaerobius,
Bacteroides fragilis and P. bivia were obtained from
pyometra in human subjects and used the follow-
ing experiments.
Animals
Each group consisted of 10 female Wistar rats, 9 to
13 weeks old, weighing 170 to 250 grams.
Intrauterine Infection (Pyometra) of Rats
Eighteen groups of rats were inoculated with the
following bacterial suspensions: (a) S. aureus, (b) S.
agalactiae, (c) E. faecalis, (d) E. faecium, (e) E. toll,
(f) P. anaerobius, (g) B. fragilis, (h) P. bivia, (i) S.
aureus and P. bivia, (j) S. agalactiae and P. anaero-
bius, (k) S. agalactiae and B. fragilis, (1) S. agalactiae
and P. bivia, (m) E. faecalis and P. bivia, (n) E. coli
and P. anaerobius, (o) E. coli and B. fragilis, (p) E.
coli and P. bivia, (q) Mueller Hinton Broth (Becton
Dickinson and Company, Cockeysville, MD), and
(r) GAM broth (Nissui Pharmaceutical Co., Ltd.,
Japan).
For the bacterial suspension used for inocula-
tion, the aerobes grew on Mueller Hinton Agar
(Becton Dickinson) for 24 hours and anaerobes on
modified GAM agar (Nissui) for 48 hours. The
colonies were emulsified in modified GAM broth
and the emulsion was adjusted to a concentration
of l0s colony-forming units (cfu)/rat.
Each rat was anesthetized by intraperitoneal in-
jection of 25 mg of pentobarbital (Nembutal, Dain-
ippon Pharmaceutical Co., Ltd., Japan) and under-
went laparotomy in the supine position. The cer-
vical canal of the uterus was closed with the
ligation of surgical silk 1-0, avoiding injury of the
uterine arteries. Fifty pL bacterial suspension was
injected through a microsyringe into the right uter-
ine horn. The site of injection was sealed by an
instant adhesive, Aronalpha A (Sankyo Co., Ltd.,
Japan), to prevent the outflow. Aronalpha A did not
cause inflammatory change of the uterus. The left
uterine horn was used as a control.
Judgement of the Presence of Infection (Pyometra)
The rats were sacrificed 7 days after bacterial in-
oculation. The uterus was removed, and the re-
tained intrauterine fluid was collected and exam-
ined bacteriologically for the quantitative determi-
nation. Quantitative assays were performed by the
dilution method with GAM broth. Sheep blood
agar (Becton Dickinson) and Brucella HK (hemin,
vitamin K1) RS (rabbit, sheep) blood agar (Kyokuto
Pharmaceutical Co., Ltd., Japan) were used as iso-
lation media. Simultaneously, the endometrium
was histologically examined for the presence of in-
flammation. Inflammations were judged by the
presence of both the bacteria in the fluid and neu-
trophil accumulation on histological examination.
Study of the Efficacy of Flomoxef for the
Treatment of P. bivia-lnfected Pyometra
Bacterial Strains
Clinical isolates of E. co/i and P. bivia from pyome-
tra in human subjects were used. MIC values were
determined according to the standard method of
the Japan Society of Chemotherapy. e The MIC
was defined as the lowest drug concentration that
was preventable for any visible growth of bacteria.
Animals
Six female Wistar rats, 9 weeks old, weighing 200
to 220 grams, were used.
Experiments
Efficacy ofFMOX was determined in rat pyometra
infected with E. coli or P. bivia. On the second day
of bacteria inoculation, flomoxef sodium (-(6R, 7R)-
7-[2-(difluoromethylthio acetamido] -7-methoxy-
3- [[ 1-(2-hydroxyethyl)- 1H-tetrazol-5-yl] thio-
methyl]-8-oxo-5-oxa-l-azabicyclo [4.2.0] oct-2-ene-
2-carboxylate), 20 mg/kg twice daily, was injected
intravenously to the rats for 3 days. On the day
following the final injection, the rats were sacri-
ficed. The viable cell counts (log10 cfu/mL) in the
uterine fluid were determined.
Effects of Estrogen and Progesterone on Rat
Intrauterine Infection (Pyometra) Caused by E.
coli and P. bivia
Drugs
Estradiol benzoate (Mochida Pharmaceutical Co.,
Ltd., Japan) and progesterone (Teikoku Zoki Co.,
Ltd., Japan) were used.
Bacterial Strains
Clinical isolates of E. coli and P. bivia were ob-
tained from pyometra in human subjects.
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TABLE I. The incidence of pyometra by various
bacteria in the experimental model
Organisms used Infection rate
Staphylococcus aureus
Streptococcus agalactiae
Enterococcus faecalis
Enterococcus faecium
Escherichia coli
Peptostreptococcus anaerobius
Bacteroides fragilis
Prevotella bivia
S. aureus, P. bivia
S. agalactiae, P. anaerobius
S. agalactiae, B. fragilis
S. agalactiae, P. bivia
E. faecalis, P. bivia
E. coli, P. anaerobius
E. coli, B. fragilis
E. coli, P. bivia
Mueller Hinton Broth
GAM broth
/0 (0%)
i/lo (i0%)
0/0 (0%)
0/0 (0%)
2/o(20%)
o/o(o)
Ol o (0%)
o/o (0%)
8/o(80%)
s/o (50%)
o/o (oo%)
o/o (oo%)
6/ 0 (60%)
7/ O(70%)
o/o (oo%)
o/o (oo%)
o/o (0%)
o/o (0%)
Animals
Each group consisted of three female Wistar rats, 9
to 13 weeks of age, weighing 170 to 250 grams.
Experiments
Rats with intrauterine infection (pyometra) were
segregated into three groups to study the effects of
estrogen and progesterone. Rats were injected in-
tramuscularly with estradiol benzoate in oil (0.2
mg/rat) or with progesterone in oil (2 mg/rat)once
a day for 7 days. Injections were started one day
before bacterial inoculation. Each rat underwent
laparotomy in the supine position. The inoculation
of E. coli and P. bivia was performed as previously
described. The rats were sacrificed 7 days after
bacterial inoculation, and the viable bacterial count
in the uterine fluid was determined as log10 cfu/
mL.
RESULTS
Study of the Pathogenicity of P. bivia in an
Experimental Pyometra Model
In the pyometra model, inflammation was limited
in the endometrium and myometrium. The left
uterus had no inflammatory signs by injection of
bacterial free fluid into the right uterus. These
findings indicate adequacy as a pyometra model.
Mixed infections focused on P. bivia were stud-
ied in a pyometra model. The results are shown in
Table 1.
In the groups inoculated with aerobes alone, the
TABLE 2. Therapeutic effects of flomoxef (FMOX)
on pyometra in a rat model
Viable cell counts (Iog)0cfu/mL)
Rat no.
FMOX-treated Untreated
group
b group
Escherichia coli 2.8 5.4
2 0.0 4.7
3 2.6 5.0
Mean + SD 1.8 + 1.6" 5.0 + 0.4
Prevotella bivia 2.9 7.0
2 3.2 8.2
3 3.2 7.2
Mean + SD 3. + 0.2* 7.5 + 0.6
acfu, colony-forming units; SD, standard deviation.
bFIomoxef (20 mg/kg) was intravenously administered twice daily for
days 24 hours after inoculation of Escherichia coil
*P < 0.05, significantly different from the untreated group by t-test.
infection rate was 10% (1/10) in the S. aureus- and
S. agalactiae-inoculated groups and 20% (2/10) in
the E. coil-inoculated group. Infection was not es-
tablished in the groups inoculated with anaerobes
alone.
High infection rates were observed in all the
mixed-infection groups: S. aga/actiae and B. fragilis,
100% (10/10); S. aga/actiae and P. bivia, 100% (10/
10); E. coli and B. fragilis, 100% (10/10); and E. co]i
and P. bivia, 100% (10/10).
Efficacy of Flomoxef on Intrauterine Infection
(Pyometra) by P. bivia in a Rat Model
The efficacy of FMOX treatment of pyometra in-
fected by E. coli and P. bivia in a rat model is shown
in Table 2. The MICs of FMOX to E. coli and P.
bivia strains were 0.20 and 1.56 pg/mL, respec-
tively.
In the untreated group, the amount of P. bivia
and E. coli increased markedly in comparison with
the FMOX-treated group (P < 0.05 by t-test).
Effects of Estrogen and Progesterone on
Pyometra Infected by E. coli and P. bivia in a Rat
Model
The effects of estrogen and progesterone on pyo-
metra infected by E. coli and P. bivia are shown in
Table 3. The amount of E. coli and P. bivia was
significantly higher in the group treated with estro-
gen than in the groups treated with progesterone
and the untreated group (P < 0.05 by t-test).
DISCUSSION
Bartlett et al. 3-7 developed a rat and mouse intra-
peritoneal abscess model using E. coli and B.fragilis
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TABLE 3. Hormonal effects on bacterial growth in a rat pyometra model
Viable cell counts (Iog0cfu/mL)
Rat no. Estrogen-treated Progesterone-treated Untreated
Escherichia coli 6.3 5,3 5.0
2 6.3 5.2 5.0
3 6.7 5.1 4.9
Mean + SD 6.4 + 0.2* 5.2 + 0. 5.0 + 0.
Prevotella bivia 6.5 5.3 5,2
2 6.2 5,2 5.1
3 6.2 5.4 5.3
Mean + SD 6.3 + 0.2* 5.3 + 0. 5.2 + 0.
acfu, colony-forming units; SD, standard deviation.
*P < 0.05, significantly different from the progesterone-treated group and the untreated group by t-test.
to study human intraperitoneal infections. Okada8
investigated experimental models for genital tract
infection due to anaerobic bacteria, especially as-
sociated with B. fragilis. This is the first report on
animal model work associated with P. bivia in ob-
stetrics and gynecology.
Using the rat pyometra model, we demonstrated
that inflammation was limited in the endometrium
and myometrium. In a mixed infection induced by
both an aerobe, such as E. coli or S. aga!actiae, and
an anaerobe, such as B. fragilis or P. bivia, the rate
of inflammatory change of the uterus was high.
Efficacy of antibiotics could be determined us-
ing the pyometra model. Generally, in cases of sus-
pected mixed aerobic and anaerobic infections, the
number of anaerobes tends to increase, indicating
necessary administration of antimicrobial agents to
which anaerobes are susceptible. The present
study clearly demonstrated the important role of
anaerobes in obstetric and gynecologic infections,
which reminds clinicians of infections of anaerobes
such as Peptostreptococcus spp., B. fragilis, P. bivia, P.
disiens, and F. nucleatum.
Alteration of vaginal bacterial flora during the
menstrual cycle is noted in the limited reports of
Morris,9 Neary et al.,1 Corbishley,1 Sparks et
al., le and Ohashi. 13 In our study, B. fragilis and P.
bivia were isolated at high frequency in the luteal
phase and in the follicular phase, respectively.
Animal experiments in this study demonstrate that
the growth of P. bivia and E. coli is promoted by
estrogen but not by progesterone. Those indicate
the presence of estrogen effect on the growth of P.
bivia. Although Okada8 used progesterone for rais-
ing up the inflammatory change of the uterus, .es-
trogen would be useful for raising up the inflam-
matory change of the uterus in experimental mod-
els of genital tract infection due to P. bivia.
Osborne et al.4 reported that there is no differ-
ence in the detected rate of bacteria isolated in
cervical and uterine cavities before and after meno-
pause. However, the isolation rate of anaerobes to
aerobes is high both in premenopausal women and
in postmenopausal women who take estrogen.
4
Therefore, the growth of bacteria might be partly
regulated by sex steroids.
REFERENCES
1. Mikamo H, Ito K, Tamaya T: Studies on the clinical
implication of anaerobes, especially Prevotella bivia, in
obstetrics and gynecology. Acta Sch Med Univ Gifu 42:
230-248, 1994.
2. National Committee for Clinical Laboratory Standards:
Methods for dilution antimicrobial susceptibility testing
of anaerobic bacteria. 2nd ed. Vol. 10. No. 15. Villanova:
NCCLS document M l-A2, 1990.
3. Bartlett JG: Intra-abdominal abscess. In: Oto Z, Sande
MA (eds): Experimental Models in Antimicrobial Che-
motherapy. 2. London: Academic Press, pp 91-114,
1986.
4. Bartlett JG, Dezfulian M, Joiner K: Relative efficacy
and critical interval of antimicrobial agents in experi-
mental infections involving Bacteroides fragilis. Arch
Surg 118:181-184, 1983.
S. Bartlett JG, Louie TJ, Gorbach SL: Therapeutic effi-
cacy of 29 antimicrobial regimens in experimental intra-
abdominal sepsis. Rev Infect Dis 3:535-542, 1981.
6. Fu KP, Lasinski ER, Zoganas HC, Kimble EF, Ko-
nopka EA: Therapeutic efficacy and pharmacokinetic
properties of rifampicin in a Bacteroides fragilis intra-
abdominal abscess. J Antimicrob Chemother 14:663-
640, 1984.
7. Onderdonk AB, Kasper DL, Mansheim BJ: Experimen-
tal animal models for anaerobic infections. Rev Infect
Dis 4:291-301, 1979.
8. Okada J: Experimental model for genital tract infection
64 INFECTIOUS DISEASES IN OBSTETRICS AND GYNECOLOGYPATHOGENICITY OF PREVOTELLA BIVIA MIKAMO ET AL.
due to anaerobic bacteria. Proceedings of the 13th
Meeting of the Japanese Association for Anaerobic In-
fection Research 13:172-182, 1983.
9. Morris CA, Morris DF: Normal vaginal microbiology of
women of child-bearing age in relation to the use of oral
contraceptives and vaginal tampons. Clin Pathol 20:
636-640, 1967.
10. Neary MP, Allen J, Okubadcjo OA, Payne DJH: Preop-
erative vaginal bacteria and postoperative infections in
gynecological patients. Lancet 2:1291-1294, 1973.
11. Corbishley CM: Microbial flora of the vagina and cervix.
J Clin Pathol 30:745-748, 1977.
12. Sparks RA, Purrier BGA, Watt PJ: The bacteriology of
the cervix and uterus. Br J Obstet Gynaecol 84:701-704,
1977.
13. Ohashi H: Clinicobacteriological study on microbial
flora in the vagina. (1) Variations of vaginal microbial
flora according to the menstrual cycle. J J A Infect D
54:321-330, 1980.
14. Osborne NG, Wright RC, Grubin L: Genital bacteriol-
ogy: A comparative study of premenopausal women
with postmenopausal women. Am J Obstet Gynecol
135:195-198, 1979.
INFECTIOUS DISEASES IN OBSTETRICS AND GYNECOLOGY 65